We have designed, fabricated, calibrated, and fielded a fast, time-resolved 1-10 keV crystal spectrometer to ObSeNe the evolution of wire pinch spectra at the Z machine at Sandia National Laboratories. The instrument has two convex cylindrical crystals (PET and KAP). Both crystals Bragg reflect x-rays into an array of ten silicon diodes, providing continuous spectral coverage in twenty channels from 1.0 to 10 keV. The spectral response of the instrument has been calibrated from 1.0 to 6.3 keV at beamline X8A at the National Synchrotron Light Source.
The time response of the 1-mm2 silicon detectors was measured with the Pulsed X-ray Source at Bechtel Nevada's Los Alamos Operations, where 2-nanosecond full-width half-maximum (FWHM) waveforms with 700-picosecond rise times typically were observed.
The spectrometer has been fielded recently on several experimental rnns at the Z Machine. In this paper, we present the time-resolved spectra resulting from the implosions of double-nested tungsten wire arrays onto 5-mm diameter foam cylinders. We also show the results obtained for a double-nested stainless steel wire array with no target cylinder. The spectrometer was located at the end of a 7.1-meter beamline on line-of sight (LOS) 21/22, at an angle 12" above the equatorial plane, and was protected from the debris field by a customized dual-slit fast valve. The soft detector channels below 2.0 keV recorded large signals at pinch time coinciding with signals recorded on vacuum x-ray diodes (XRDs). On experiment 2993, the spectrometer channels recorded a second pulse with a hard x-ray emission spectrum several nanoseconds after pinch time.
I. DESIGN CONSIDERATIONS
The specifications for the spectrometer, generated by Sandia National Laboratories, included continuous spectral coverage from 1.0 to 10 keV, detected hy twenty fast channels in continuous x-ray spectral bands. Two convex crystals, a PET crystal with a 2d spacing of 8.73 A and a KAP crystal with a 2d spacing of 26.6 A, were cylindrically bent with one-inch bend radii [l] and mounted in the spectrometer to attain the desired spectral response. Channels were designated according to their Bragg angle and associated crystal. The '%back-to-back" crystal configuration in the spectrometer allows the instrument to be mounted on a beamline with a clear apertnre of less than 2.5 inches. A sketch of the basic components of the spectrometer is shown in Fig. 1 The detectors used in the spectrometer were 1.0 m 2 silicon detectors mounted on SMA connectors, which were provided by International Radiation Detectors [2] . The detectors were coupled to the hack panel vacuum feedthroughs by vacuum-compatible 50-ohm flexible cables. This configuration allowed a continuous 50-ohm transmission line fiom detection to recording. The active regions of the detectors were arranged in a plane parallel to the beamline axis with a minimum separation of 0.125 inch from the crystal. The axis of each detector was located at twice the Bragg angle with respect to the beamline axis. .Placing the active detector area as close to the crystal as possible allows complete coverage of the entire spectral range with the fewest number of channels. A 0.25-inch-thick copper-tungsten plate was used to shield the detector arrays from the direct beam. Two stainless steel pinhole and filter assemblies are mounted on the copper-tungsten plate with alignment guide pins. The purpose of these pinholes is to allow only x-rays into the spectrometer at the proper. location for Braggreflection' into the detectors. This reduced background caused by fluorescence and scattering. Background was further reduced by careful selection of the edge filters that cover the pinholes.
The mechanical design for the instrnment includes a rugged vacuum chamber with vented, vacuum-compatible hardware; heavy-duty inserts for the vacuum flange and cover bolt holes; and an auxiliary 4.5-inch pumping port.
Standard sized viton seals were used for the cover and the SMA vacuum feedthroughs. Access was provided for removing and replacing the filters without removing the spectrometer from the beamline. All the mechanical components g e secured on guide pins, so the instrument can be reassembled to its calibrated mechanical position within 0.001 inch.
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SPECTROMETER CALIBRATION
The in-beam location of these two fluors was predetermined using an autocollimator, and defmed the beam axis and centerline with respect to the spectrometer. The transfer calibration area detector was placed on the upstream side of the end station to measure the total beam power in the monochromatic x-ray beam. This transfer calibration area detector was later calibrated with a reference standard x-ray detector. 
X8A
The fast silicon detectors were tested for their time response at the LAO Pulsed X-ray Source (PXS) prior to installation into the spectrometer. The Pulsed X-ray source delivers a short (-250 psec) electron bunch with a pulse repetition rate of 60 Hz to a copper anode at 70 keV. The silicon detectors were placed in the x-ray beam and connected directly to an electrometer, and the DC current was measured and recorded. Then, a bias tee was placed into the signal path, and a -45 VDC bias was applied to the detector. The signal was recorded on a 3-GHz bandwidth digitizing oscilloscope. A typical detector time response is shown in Fig. 2. A diagram of the Calibration end station is shown in Fig. 3 . The end station is designed for x-ray spectral calibrations at beamline XSA at the National Synchrotron Light souke. The entire end station is placed on the XSA optical table, which allows for positioning of the spectrometer and end station with five degrees of freedom. The end station has two alignment fluors, which can be lowered into the monochromatic beam at XSA.
'

Figure 3. Calibration End Station
The transfer calibration area detector was placed in the beam and the beam energy was scanned across the entire spectral range to determine the total beam power as a function of x-ray energy. Immediately after the beam power scan, the area detector was removed from the beam, and a spectrometer channel response scan was performed. All measurements were corrected for changes in intensity caused by changes in the ring current. Beam profiles were obtained by fmt setting the beam energy to midrange withiin the spectral response profile. The entire assembly was then scanned in the two coordinates orthogonal to the beam with the table positioning stepper motors, and the detector current was recorded into a two-dimensional array. The total beam power, taken together with the beam profile, gives the beam energy flux at the spectrometer in W/mm2 as a function of the two coordinates orthogonal to the beam. The spectrometer channel response scan was then divided by the beam energy flux to determine the I94 placed near the KAP crystal to monitor the fluorescent emission. Channel Because DC current measurements were performed PET25 both at X8A and at the PXS, the impulse response of the PET17 spectrometer channels could be determined from the PETIS O.WE+W L 2wo 25w 3" 3100 4 m 45w 5wo 1500 Mao x-ray Enagy (CV) Figure 4 . Spectral Response of Channel KAP09. A 1.5-pm silver edge filter was used for this channel. Potassium K-shell fluorescence appears for all KAP channels above the potassium K-edge at 3.61 keV. 
RESULTS FROM Z EXPERIMENTS
A. Experiment 2974
Experiment 2974 consisted of a double-nested stainless steel wire array and no target cylinder. The outer nest was 55 mm in diameter with 104 wires, while the inner nest was 27.5-mm in diameter with 52 wires. This configuration is designed to produce large amounts of &S keV radiation in a very sbort (4 ns) pulse. The intense radiation caused saturation of the instrument's silicon detectors, which resulted in degradation of their time response. From the time-integrated signals it was possible to make isotropic estimates of the total energy emitted in the three spectral bands recorded for this (ev) Figure 6 . Emission spectrum of the two peaks observed in Fig. 5 
